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(57)Abstract: 

PROBLEM TO BE SOLVED: To suppress the 
introduction of defects by suppressing cracks 
generated by difference in the thermal expansion 
coefficients between a growing III— V comp. 
semiconductor layer and a substrate crystal, and a 
difference in grid constants. 

SOLUTION: Through the use of a substrate limiting a 
growing region 13 by a mask 14, the facet structure 
of a III-V comp. semiconductor film 15 is formed (b) 
by epitaxial growth, for growing (c) the facet structure 
to cover the mask 14. In addition, the facet structure 
is completely embedded (d). A III-V comp. 
semiconductor layer with a flat surface is finally 
formed (e). 
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1 mm£mt%-?A?ZBi&LTm 1 (b) ~ (e) fcS 
oiiI5 (b) ~ (d) <J)7u*L**rs-?X*>W&tt$l 



6) $$§§¥10-312971 

[0 0 3 8] £ 6 K*SDIS©jBJBT?ttV^ * 1 4 £; bT 
* 7"«©y^->e:fflt,>fcfigft^{coUTi5iH^ 
£fTofc# % Clft{r|5S6>tlS*>©Tfcfc&< N 77-b.j;f. 
flHttfSBftSfcWTifcJxIi, fi!cfi^©ff^A s 5EgJf^ 

[0039] (n 3 conm<DBB) *&,m<z>m 3 
©HM©ff^(cooTift2^-rs. % 3 ©nss©ffjst±, 

£ i©lli6©BSfe5vw±^2©iliS©ffj«ifittBjufc 
1 1 i-vftfb^^fco^K^s^MiaftSGa 

N3Mt«tt©fifcft£*ijffi bG a N3fi**flKHt&JBfiR-rs 
*>©T-fe5o 

[0040] m3 commmmit. m 1 ©His©jB?g& 

s ^ (i JB 2 © siffi © jb/B r- K w u fc'* h: * * -> ^i / jsk ft 

[0041] ut b©(c, g a umttmfttm&mm&i^ 

»?;£»©R«t3StE*m±fc^ y* y »j v^7^- 

[0 0 4 2] &Kj«£IK#K#LGaN«#*ft:6DJeK 

*<*©ISffij«ft;fri£tt, IIIKEMt^'J'JA (G 
a) fcJgfbzk* (HC1) ©fiJ5fe£j*«BT-fe3fflfb:tfy 
■>A (GaCl) tV&Jf!*4K7'>^-7' (NH 3 ) 
*£ffi^5^b%$ft5£at:«fcS^*§fi£« (VPE : Vapo 
r Phase Epitaxy ) KVPEg 

GaJ£tt£*^B&ffl^«ftft&jBfb^gl41/£ 
S. (MOCVD : Metal Organic Vapor PhaseEpitax 

y) Sr/B^-So figft?SSIi6 5 0°Cti>£> 110 0'CT-ff 

V\ V«5jR**©«t&J|tt I I IKi<4fflKI&fitAsfb§ 

{g* 1 ^ 2 0 0 0 0 0{££{£*S-f«"H;£.fcV^ 

[0 0 4 3] G ali&*m&mcD^V:&*i/*)Ulj&£k 
tt, IBl©SMfi©iBJBkRl«t» GaN^^i»»* s «f)W 
!§P^T-lix'^^±(CB£Sirrfigft^©^T^eJftA s 
^c: t) . J5Rfttg^±©G a NJR*#»fllt:0:StR<©H* 
ffittt««e5®*i4©7 7-b'y h«ii* s Bfig^ft2.o 

[0 0 4 4] 3:t:*^->^;Ufi8ft*tti^5i:x GaN^ 

*i|«:tt7 7-b? h«e©ffi{c»l/'TSifi«:*l^fc:jggJE 
5o ^U-C^g-rSJ^ft^©GaNm^f*©^7-t 

tlx WfitlCtt, TS&SSE**^ 4GaN3fi*i»tWBt 

[0 0 4 5] G a NliAVU^^©^^EH^jt:© N 
t£;fc©G a NM*«ft:©*SafiEjlT-l±a*fii: bTtr 7 7 
-T 7Sfii, S i CS^effll^lt^, dti6>CDiStR 

i±g a n ^^^f* i: tt&z-fem'p&Bm&vm tz^>x^ 

So C©t©G a N^*j?f*©xt:^^^^;i/J5KSSfT 

as«4:©jfsiiar'«4 0fefe"ffi^«8f-t*»«c-5tet(i 



a 



[0 0 4 6] *Hffi©^!Bt:«tSait^*^^;i/jas* 
&X&, GaN&iN¥#fcSMI£»fiBR^»?£R©£& 
3Sf£OTLt©v;^#*4t3 i OS^tffM^nfefiJc 

it & W -T 5 G a N S**f* £ ^ t * * is * )\>f&.tk L T H 
-5. C©7T-tr^ MiJSASJgrtHfe©@<fc 

[0 0 4 7] Lfc* s ^.TGaNIS^^0D^al^PiB<±7 
h®jsfc£fcl:fcK*#fat\:ffitf&*u GaNIS* 

;ubk cd ^ si © (g^ *sit 6 n s . 

[0 0 4 8] CffliolClfSlC^^^Ci t>5S#?l$£ 
PiS S *« K W 6 f C i: A* aJIg 3 . 

[0049] ^e»tc, m 3 <D$m<Dmmx-& e.nsGa 

N£^«j^ttjBU?&ffi3<Z>J?3 Kfdtfi bTA^ 
(■^-^T'TT'SIS^) f7^^i:GaNm^{*©-gp 

8ftfcHi©i^&V>GaN#4MI¥ffcBt 
©SffitUTffl^SCfctft^^. £©«fc-5&GaNI£ 

[0 0 5 0] S t G a N»i|ii|ft:i?i)S G a NS^^f* 

fcGa N3S*«flc«*j)s^ Kfcw-aasswa^©*®^ 

[0 0 5 1 ] $ e.CG a NSf^^^tfG a 

tr<0»^tt, G a NIF^^t^tBBffl^a 

[0 0 5 2] m 3 ©Hfig©ff^{r*>{t 5G a Nf, 

^MCMIiSiili l ©HiS©Jf^©x 

[0 0 5 3] $3 (Dnm<D%m<DWlWX-iS., G aNI* 
mitt £?£K*l!Mg3Kffi&<Z>X * 5 SfSS® t Bt£ v 
Xt&Btittsm&ni LtztiK *K±t G a N 
£ j£& U fe & £ , IS G a N 3^«<*SEffi £ v ^ * * 

l t * e> n s . 

[0054] £t>\ziznm.o)Bmkm^z>-?s\i'h 



(7) $^¥10-312971 

©ffJS£:fctt5GaN£^f*Jgi:LTfctGaN, A 1 
GaN, I nGaN^#£l:re>ftSa s GaN#g^#:£ 

[0 0 5 5] SfeGaN&^lftS^tLTIi, GaN 
fi^S?f* V — if GaN S LED ^© GaN S^SgftSg 
^^?©ffe t F E T H B T ta H ©t-"/ W 7. £ ®$ HJ 

[0 0 5 6] (g§ 4 (DMfcO&B) #3£B£©gl 4 ODHfifc 

[0 0 5 7] Bfi 4 ©5lfiS©Jfc<g(i, G a NIRiMHfcfcSfc 

®©Ji K * SI'Jffl L/TG a N«^MH*«Bt 

SfiBftU $ 6 1 G a N^#(*fl±t: GaN?, 

[0 0 5 8] £4 ©KafiOBJB-efctG a N2M£igf*JBS± 
©G a N%4*«V<toR? J: LT G a NK^4f ^AlK^t 

[0 0 5 9] IffigltY^^^U 7 

[0 0 6 0] vj* ^^l5figft^©JBtti:- ITIi. ^1 

co3m<DBm<Dmn<D i-5 tcfSHfi^oG a n^^^<$ 

[0 0 6 1 ] *Cj«*««t:»L.GaN3R**»«:CD3it: 
^^;>^;i/JESft&fro. GaNIF^#f*©fi£Sffi{i, I 
I iKMRtZUWA (Ga) fcfflft** (HC1) © 
£J6^*BT*S*<b**'J£A (GaCl) fcV»US«. 
(C7'>^^T (NH 3 ) *"^SfflV^5/N-f H^-f b'VP 
E»tf»SUl\vV N WM^fb^fflEScSS (MOVP 
E) £ffl<^T&<fcV>. 

[0 0 6 2] GaNm^ifft:©^^^^^^;!/^^!^ 

% i wnmmmtmm^ g a N«*«f*;i»«j«ss» 
r- a v * t ± jtfyi-e- -r fSftfR^© * t- tsa/sji d 

j*ftfR«±©GaN^*«*t»±StEOS*{SkB: 
[0 0 6 3] ztVtr3risv>Vf$.£k*mVZ£s GaNI, 

*mmt7 7*v hffim<Dmiztt[sxmm.teJ]foizi£m 

4. ^LT^}fr4fi£S^©GaNS*«{*M0D7 7' 

■fey hfltJti:S«-r*. ?e>f;^f ^^->-^;uj5g«^i^ 

Six, ft^etjtctt, Wj:gffiS:t1"5GaNf*i|{* 

[0 0 6 4] <};i:Ga N**«*JK±t G aN^f* 

J5E U fc&s GaN M*«ftBI ^fie* n fc»tR &MOC 
VD^5t(c-fe.> h Us r/rS©fn a nJ®;, #*8S*L V/I I 
ItbT-v nSGaNg, nSAlGaN^7-> M> n 



aSffittJl, pSIAlGaNJf, pSGaNW HI, 
pSAlGaN^7-yFl, pSGaNDV^^H^ 

[0 0 6 5] ftt, tf-flli§fcJfcfi£L;fcSfii£ffiS 
SSfc-fes/hU Sffi, Si0 2 *itFOaN* 
4^f*II«©-gfS£5Jf® LT G a Nft4*9ttltfi:B£U£'e 
*. SfflUfcGaNS^tWK©®, t^^G.aNS 
***»3l£*?«®ffllK: nStUM bSt®{B!ltr pi 

[0 0 6 61 B4 ©HJ£©ff*«gK «fc t)WTffl»JRA«» 6. 

[0 0 6 7] ^lOHJgCBSsCD^tr^^r^v^figRT- 
?# €>fi& G a N*iMH*Bt±fc: G a Nft£m*{UK?tt£ 

es^x- Fp^m t^-o^GaN ^mftm^m^z *> it 

* f * + JUJtt JtfltCD gffitt T- § , GaNI 
[0 0 6 8] $ 6 C G a Nf,*??*!?*^ a Nf,*§ 

»xig-rmfii$: g a nm*i$ftM(D2m£m}&-rz 

[0 0 6 9] *fcGaNJR*#flt«3tJR^GaN3fi* 
iJpf£ u — if ©»^(±, teffl*:PIS AS'i^ft ^ G a N k^mva: 

SHfc «t t) G a U— FflliKDftJIS ^ 7 -® 

[0 0 7 0] fg 4 ©5t^©ff£*Stt±f3©a£BJfcPS 

[0 0 7 1 ] 0Sx.«, G a N*i|Mg#J«©Jc + 
;i/fiRgttSS 1 ©HlfiOJB!Se WT-«t < v $ 2 ©|y£©ff$ 
S©jSffl<bT-#3,, 

[0 0 7 2] £6£GaN2S4^f*J!ll±£GaN2MfM!? 

£*\ GaN^«#JUK/«&£aS8U v^hGaN 
S*«(*IBtCD-aiSI«36 UfcSJC G a N^f*i?® 

[0073] GaNft4M*ttjR*>&&& -?7,>? 

LtzMZmW bfc fiK G aNf^ftilCM 
G a N^3?ft:j|S?0giStt©J5!l««tt»fc^© 
T&ftK, vj**CDfifc£&fT*>-*% GaN^^ 

[0 0 7 4] £ £>lZ*mmo)BB£RI^2>i'Z# £ bT 
fctJS 1 e>nm<DBBib 4 V W±fg 2 ©Hlfiffi©ff^ |B»*fc 



(8) £^¥10-312971 

© JKS t *j It S G a N * *S?(*Bt U T tt G a N , A 1 
GaN, I nGaNI?#$>l;f£>ft3A J GaN#J|&#g; 
bU. 

[0 0 7 5] *ftGaNS*!l#3li?tbttt, GaN 
f$b— +f-^G a NSL E Dlf©G a NS^ilM 

[0 0 7 6] 

[0 0 7 7] (SI 1 CDHtGOT) *^B^©^Jg)5fij{co^ 

t, (o o o i) mv?7<<7 (a i 2 o 3 ) atKi 

1±IZ 1 AtmflflEOJRJSOGaNJBll 2 £2? A> b#>JF2- 
f&bfc»££ffiv>fc. C©GaNJRl 2«SCS i 0 2 

f->trx-?X>7 1 4£j£ftiKlgl 3{C73-aibfco JSgUM 
^ 1 3&£W?x? 1 4li, j en j en5//m*;J;zj2/z 
m©II©^ h^-i* ^T-^2.o * h 7"^fSU±< 1 1 

- 2 0 >y5fak. bfc ( (@ 1 (a) ) o 

[0 0 7 8] 1 3CMt5GaNIl 5 tt. 

1 1 1 mm&iz a u v a (Ga) a^As** (hcd 
<Dfcfo£j&yiT-Si>zi&{ti3 , }v& (Gael) tvmna 

UiZyy^-T (NH 3 ) h"7--f K 

VPEMffl^fc. fiffil 1 Sr-'W K^-f Y<D1&&M.W. 

ic-fe h b> 7k^#HM,T-jEigftigja ioo o'cic^jg-r 

-5. figft?gS^^bTi»e., HCl$M20cc/ 
S7>T-tt$&.b, 1 0 0 0 c c/S»f 5 7>fl 

&m&TZ>Z£T; 3CGaNll 5C0 {1 

- 1 0 1} Sj6»&StS77-by h«iS*j5Kft*-B-fc (E 
1 (b) ) o 2 Ofl-IBSflEaci; ^^r->^/Ufig« 
£*jel:J\ 1 4^g9ST7 7-fe'y h48it 1 6 

(Ull (c) ) o 
[0 0 7 9] ^br**v^l/Ji£S£|« 1*3 Cities 07 

h«iii$rii46^^ (in 1 (d) ) , mmmz^ 

5 B$P^©fjgftT- 2 0 0xzmllJS©¥tH^«@$:*^-?,G 
aNHt*JBJ56*#fc (11 (e) ) «, GaNIl 5 ^ffj 

Ty^-TA'^feffi-fSb^T!) 5 ^, •»t£$Tmpb 

[0080] si <Dn&MT-iti£&mi$.*fflm-i-z>mw. 

fiSSt J: t) s (PJg* 5 {l-i 0 1} i*e.&577t7 
h£ff2J$bT*3BJ&Re:fT^T<^3, Cl©77'-bwhli 
fi)c^JS* s ft!i©H=tt)S^tit)l3^nT<.&. 7 7-bs' 

h*«sn5B5ttx m$.tmmizttvT^tz&iiLtiK 77 

•fe ^ K©tt5^T-^©7?[°i^Wl>'SC:i:* J T-#^<'&So 
[0 0 8 1 ] fcftWKiDtfftLfcfSB&KfflKraK* 

i:, 7 7-tf K©mmT\ ^^ipjtfflife>n. ^t^^r 



[0 0 8 2] » IffllMfiWK J:-3TflM£ftfcGaNJK 
1 5Kli s V77-(TmS.l 1 fcft?£ft*fNUB9Mftft 
A J il -5 C 4. fc> 6 T * 7 y ^ # A ^> T t \ & (,\ d t tffig 

R5*#*t 0>«e < , XM®§U* 1 0 6 cm 2 g&Tfc 

[0 0 8 3] *HM^JTfi!cft Lfc G a NRttfcPffi#|fs*|r 
d©±tl/- f\ FET, iJ«tI>"HBT^t 

[0084] ^^izvyr-iT&mi lzmmmizx^ 
Tffi£-tzz.tz\ GaNii 5 zmmntLxm^ 

[0 0 8 5] ^ 1 <DmS&01Zit s G a NJ«©x tf* 

W^JSfb^^iajS^a (MOCVD) £ffl^T&|5] 
*3t&#i3l 5. StAl 2 0 3 Stfil 1 ^ffl^fc 

SiSt5, ZnOSfc SiCSffi. LiGa0 2 

s& MgAi 2 o 4 s4g«f&fljt>T*Ei««es&* 

* s ff e.tl5. £6>£ A 1 2 0 3 SSI lil:GaNIS 
[0 0 8 6] ^tY^^14tLTSi0 2 £fflf>fc 

*scn(cpg?>n5*.©TJi'&;<, siN x m<D&mfo 

mx-t>£^<, ^©^fig^'JT-ttx'^^ 1 4©fl£2 Ami; 
&£6JJIA s f#?>ft3o ^e>{C^ h7-f7§< 1 1 - 2 0> 
SttO^fqK 1 - 1 0 0>T-&<£<^ Z.tlt><DJjft-h>e> 

[0 0 8 7] SfeGaNOJif^^i>^;UJ5)cft{COV>T 
iE^fc^ InGaNI, AlGaNI, I nNE G 

a P IS 5 1 -« li G a A s M ^ f ^ ^ i/ ; U J5g g b T t. 
|S)«^^* s }f ?>fL5„ ?e>tfi£ft-r5 I I I-Vf&fb 

[0088] 2 (onmm) 2 ©niewc 

%i<D&mmtfflb<mi*&misxm.BM-t 

^> o 

[0 0 8 9] m z comm.0ix it, ut, (000 

1) BBS i C&mi l±fc l/imgj£®JBUS©A 1 0<1 
Ga 0>9 N«tl 2feJ66,*»b«>»fiRUfceil*ffl^ 
/toC©Al 01 Ga 0 9 NJjgl 2 3gSSJ::S i 0 2 

1 3, 1 4« v ■ ; en-en2//iTi, 

1 - 1 0 OtffSjhbfc ( (131 (a) ) . 



(9) »HJiP10-3 12971 

[0 0 9 0] figfttg^tl 3(3jEdcS-rSGaNaSl 5 fc£, 

IIIKf»(;*-'J0A (Ga) tigfb7Jcm (HCl) 

4>£j&£fittJ!re$SttMbtfy £A (GaCl) £: VgjjgJ 
*4{CT>^-^ (NH 3 ) A*7SSl^A-f Y^-i f.- 
VPESJfflut. Sfgl 1 K5-f HeDjsE^jE 
fc-fe y h U 7jc^#HflT-B)cfiSJg 1 0 0 O'CK^igr 
JSSfflJStfSfJSUTi*^ HC18ESS20 c c/ 
Sfl-TfittS U N H38MI 2 0 0 0 c c /^#T- 5 #g 
Z Z. £X\ 3fCGaNJg|l 5 <D {1 

- 1 0 1} Bi»^5 7 7tf hfiiJi&fiKft^-e-fc (0 
1 (b) ) . 

[oo9i] $6i:> 2 o»nmm=-h:9*i'*jn&ik 

1 5fe«ig£i*fc (HI (c) ) o 

[0 0 9 2] *-H'#*$' J r;Vt&&&mvZ>Z. tt «fc D 7 
hfgitfcSftii* (01 (d) ) , ft^ift tt, 
5 B#F«g©j$ftT- 2 0 O/zmS^OsptHftSBSW-rSG 
aNJKfcJBfifcStffc (1211 (e) ) . GaNffltl 5©© 
JStSL NH 3 itf^S«ISL36t*«6#fflJa:if»aiU % fig 

to o 9 3] m2comzwz «fc^-tffM£ttfcG &nm 
m o \z t> frt>t> h 1 1> 7 v t * s a r> x v ^ ^ z. t ifimm 

^fLfc. L*^, ^flgj5g:R£fT^;fcGaNflg£fcU 
* s #mtO^<^Pi1®Jg(±l 0 6 cm 2 gfiT?*-3 

[0 0 9 4] *fafifl«TJ«« LfcGa NBttt^RS^(!« 
£'J>&<> C1CD±{CI/-If, FET, *}«tVHB Tifetf 
CDSSM'S^^'f zmm*f$.&TZZhiX\ r;W^ 
14 rql± £ * 3 C t * s RTag i: «c -5 . 

[0095] sfc, s i cas 1 1 zmmwizx-DXffi 
£-fzz.£z, GaNjyu s &m&.$mti,xm^2>c: 

ttiZZZo 

[0 0 9 6] m2(DmmmXlt. GaNlOit^^-> 

mm^mit^mm^ (mocvd) £m^~zt>m 

fciiS. Sfc*|QS«T-0:s SiC^l 
l^rffl^fc*^ SilE ZnOSfc Al 2 0 3 S 
•ffiatfi, LiGa0 2 StR> MgAl 2 0 4 SIS^ 

l±l:if0GaNll 2*S&e>4»l>«)iBJ«Ufc36« % £ 
461 l±tHtgv^^*jfJj5gUT4)J:^. 
[0 0 9 7] $.tz-?7>>? 1 4hbTS i 0 2 S^^fc 

A s cn{cpie>fi-5t©Tii^<, siN x mcommfe 

tS?i^A s f#t>tl.5. ZblZT. Yzxi 7Z< 1-10 0 

tmm(Di5ft< 1 - 1 2 o>T-t)j;<, cm^cD^isi* 1 



(10) 



^M¥10-31297l 



-fe* hflMaA«JBJ8R$ns«riij«R«D^tt»l4t:j:-3T 

[0 0 9 8] ^t^e^Sffil l±(DmtLXA 1W& 
0. lCDAlGaNftffl^fctf, £©*&J3Ette*teDt,© 

^^•->^;i/J5gfi{;-ov>T3$^fe*\ InGaNI, Al 
G a NE InNj& GaP»5U!±GaAstex 
fcT * * -V UT [Rl*»Sca&* £ £f£ 

Mtz iii -vK(b^«jt:=F*fe«j©^ftoLT4»ra«3a5 

[0 0 9 9] (Jg 3 ©HJfiW) &ftW<Dm 3 ©SlifiBIt: 

[0100)^3 ©2Sifi0!-CUU StEi: L/tv ( 1 1 
1) a©MgAl 2 0 4 mS.2 1 Sffitvk. C©fil£ 
2 1iIl;Si0 2 IR2 3SJ&J58U 

— iSfc^iy hxyf^fy^^ 2 3 ij&SfgJ^ 
2 2K#8bfc. jftJHMtt2 2, *J:W^^2 3tJU 

So ^ h?-f 7fifaiz< 11-20 >^rrsi ufc ( (m 

2 (a) ) c 

[0 10 1] G a NflM©f&*li, 7X^2 311;^ 
©GaN#tt;t.£miJt-£©£j@L7c/'W h'^-f KVP 
Ete^ffl^fc,, C©^?£T-«, I I IiS^CA-'^A 

(Ga) tm<b?m (HC1) ©fijfc£j«i|rc*3*{b 
^f'JSA (GaCl) V^^{Z7->^^T (NH 

3 ) tf-X^flJ^S. 

[0102] £ t\ Sffi21 fejsSft^Bt-b v Y U tK 
^*"^<&0t^U5A s e> 1 0 0 0'CfI«©iS5igT-?ft#UIb 
5 0 0"C£»a*-& % HC1?£M£0. 5cc/ 
^#T-(£,fSU NH 3 JS11 0 0 0 cc/«^t5^ 
3 £ i:T% 2 3 2 0 nm© 

J8Ul©GaN,'W7:pJf 2 4 SrffJjEdc-r-S (13 2 

(b) ) o 

[0 10 3] dOttJBTN NH 3 #X£0y&U&j!> s e> 1 

o o 0"C(c»{g-r?) O j««isfitf^bT*»e», hci 

Sl&2 0cc/S^^U NH 3 %115 00 

c c /mnx 5 tfti&-r s -r t t% i&ikmm 2 2 © 

GaNAy?7- i!2 4±(CGaN© {1-10 1}® 
7> £ & S y 7 -t * hflfg 2 5 £fKS£-y-fc (HI 2 

(c) ) „ 

[0 10 4] *6>fc» x£**-&fWi/jajl&lftl?« vx 

tts SUftKOU 5BSRfl©J*ftT- 2 0 O^mflJg©^! 
&8B£*r&GaNJK2 5£JIM3-frfc (8 2 

(d) ) „ GaNi2 5©Miv NH 3 

L fc *« 6 frig £ T *J uaft«K J: B IR D tU * . 
[0 105] f;3 G)5W£0tffc: «t -3 TffcJSfcSftfc G a NAM 



2 5 (C {i N M g A 1 £ 0 4 2 li:OtS?$t-f ) a 

KSftffifttf £ ? £ £ r <7 5 y * tfAo T 

i^Pi1* 5 ^S{C'>^<, 1 0 6 cm 2 fSJgT-fc^ 

[0 10 6] *^JSWT-fi!cftLfeGaNflgtt^ra* 5 ^S 
fC'J>&<, c:©±fcl/— y\ FET, *«fcVHBT&£ 
©SSMfcrW X*SiI£E£J|-f £ ^ tX\ 
ttSfa±£*ac:i:#.iIfgi:fc3. *fcMgAl 2 0 4 

&fo2 1 ^BfgftiotiStS^tTs GaNI 

[0 10 7] ^3©HiS0iJT-tt, GaNBtOxfc^+S/ 

^«i&flifb^»fflj«fis (mocvd) %m\,*>xt>m 
s&as* i f#f.n5. stiffi^it MgAi 2 o 4 

Sffi 2 1 £ffl<^fca s * S i Sffi, Z n OSfi, S i G 
LiGa0 2 fif£* Al 2 O3 Sf£5?£fflt>T 
4>[5]ti^^* s f#e»n5. #6!:MgAl 2 0 4 2 1 

[0108] st?^^ 14 tltS i 0 2 Sr/a^fc 
#Cftlzpi6tl-5-&©T-(±& <s SiN x ^©£gf#f* 
MT-feiC>o $ h\Z-?7s>7 2 4©ti$r 1 O/zmt tt 

* s , ^;**&S&&trcfc©T-££*gT-&ntf|Eg<3lfca& 

m* s f#e.ns. *siffi^jT-{i, ^h7^7^<i 1-2 
ntsie©73(q]< 1- 1 0 o>T-i«t<, cne>cD^(qi 

jb»e>«ttfcft«T?*ioiUSfiffl&tt.c J: t)> f8.9&mz 
7 7-ty K^iI£ffM-f SCi:#T-££. 77t 
f b«it* s ff^^n-5^fie«©^f*{i«$4t«t-r 3 T^ 

[0109] $ fc#HSS0!IT-teaffi± y 7 7® 

&t&ttJM£KGaNBt©fifcS&fr-3X^Sfc«>». £SH:fc 
KB £ «t 5 >i> tt. < f S C t A 5 ql |g 1 1£ Z> a 

[0 110] ?et, SSSWT-Ji. GaNOxt^ + y 
^;^fi)^Sto^,^T^£!i•^tA^ InGaNI, AlGaN 
m* InNI, GaPl, GaAsI£x^ + f>t;i' 

1 - vmit-smz^mvicDma lx& mm-btim&m e. 

Wo 

[0111] (^4©^ffi0'J) *&W<Dm 4 ©^fffi0ij(3 
01^ 0 3, a4S#fiSL/TgftB^-f-5. E3ttjSJ^6<3 

[01 12] *H«£<5'JT-(±, Sffii: UT (0 0 0 1)® 
©AI2 °3 S«4 l±(w 1/zmgJgCDJKJjCDGaN 

[0113] COGaNI4 2aSCSi0 2 J££Jf$ 



I±, 4/zmOififl6DAtt (03 (a) ) , -i2#3,um 
<D=mtW. (0 3 (b) ) , &£V5jumn<Dm*#. 
(03 (c) ) <D3mmtteZ ^^S^ft-^ftW 

tzo 

[0 114] Jfcj£LfcfiR£»«4 4tfi8«-r5GaNJBl 
4 5tt, I I IKII4l:b^fM'J|>A (TMG 
a) RVh V JUT JU $. — <?? A (TMA1) £VWiM 
niZ7>=E-7 (NH 3 ) *"^feffl^5*r«2feHfb^ 

[0 1 15] 0 4 Hi 3 OlEl^J|5ffMbfeStg±l: 
fiffiJAft&SfflbiT III - v&fb^fe^MSfMK&J&S 

*§j«*»Bfc:-fey hU **#:*i:NH 3 
b&#6 1 0 5 O-CCDfifcjliagtcflS-ra. fEUS^* 5 
^l/Ti-e., h ';^f-;u#';-i7AS*tM£5 c c/§£- 
T-iJSU NH 3 MM. 5 0 0 0 c c /mfrT- 1 0 #fi 

xteti&raci:^ 4 4 g a nam 4 5 © {1 

- 1 0 1} ® 7 7 -try Milt (0 

4 (a) ) o 

[0 116] 3 OftlBl&&^\Z**ri'-*J\/&& 

ZWfs V^*4 35g9ST-GaN14 5©77t!y 

(04 (b) ) o 

[0 1 17] ^b-^^i'-v^g^Mft-SCiitCitJG 
aN14 5 © 7 7 -t? y hfifi££iltoii<fr (04 

(c) K 1 2 BZmcDl&SkT- l 0 O^mfi 

jKO?e'5:«®$:tt5GaN14 54M?tfc (0 
4 (d) ) . 

[0 118] 3««©jBtt©*ftft«R«£Jfcj«UfcGaN 

[0 1 19] *HiS^JT-fi)c«bfeGaN^li^fi1A^^ 
(C'>&< x d©±£U— tf\ FET, &«fcZ>-HBT&£ 
© A p° S «c 5V W X|gi§ f 5 C t T\ ?J U 7M 
t£ £ ft ± £ * -5 d t * s RfSg t & £ „ 

[0 1 2 0] ^^^■9"7 7'-l'7'StS4 1 SrSffg^JCJ;^ 
Tl^*-r?)Zi:T% GaNJBt4 5&S«*M4i:L-Tfli^ 

[ 0 1 2 1 ] '^4©HfiE0!lT-ttx GaNlOit^^i/ 

h'VPE?S?&fflOTffMbZr*^ 
*«*Hfb-&«3ftfflJ«a«t (MOCVD) SfflHT&IB] 

>t*\ SiSf£ s ZnOStS, S i CSE LiGaO 

2 Mg-M 2 o 4 mim*m^xi>fflmte%} 
i^e)^, ^e>i;Ai 2 o 3 as 4 1 ±tjKflt© 

G aN!4 2 bA&JfMbfc**, 3frf£4 1±fcifi 

l«v^^i&^fiKbT*>«t^. 



(11) ^53¥10-3 12971 

[0122] Jtv7^43i:LtSi0 2 

#cfttcpge>fisfe©T-ii&<. siN x m<D$m& 

[0 12 3] ££GaN©^£**->Wl'jf*:§ltc-o^T 
M^fctf, InGaNE AlGaNK* InNE G 
a P M h 2> 1 1 1± G a A s m £ f £ * v * ; !/fi£il L T & 
|3jfil^Jc!l^* s ff e.tt3= S&KBfcfifi I I I-Vjfcfb 

C © $ftO b X $ mm «e * s f# 6» ft -5 o 
[0124] (|g 5 ©IWJ) *^b^©^ 5 ©H4S09£ 
OUT, 0 5 S^JHl/TKRSf «• 
[ 0 1 2 5 ] SIS 5 1 K«U i/zm©^Jp©GaNM5 
2ftfcm$tltz (0 0 0 1) BOt7 7-f7SS5 1 £ 

[0126] COiS51»Si0 2 M£ff2j3g 

1©V^^5 3 tm 1 <Df&&1&}&5 4{C^gtbfe„ ^1 
©fi£^pR^5 4, *J«tV^ 1 ©vx^ 5 3 it, -£*l^ft 
2/^m, *>«tt>'5/zm©^ h^-f yftt bfc. ^ h^-f 
T^ffijfcfc, < 1 1-2 0>i:bfc (0 5 (a) ) o 
[0 12 7] m l©J*ft»«5 4lZf&&-rZ>m lCDGa 
NI5 5(i, ±IB©Hi£0'J 1 fcHttfc: I I IBUBi#*fc:;tf 
(Ga) i:Jfi{b7kJB (HC1) OfirtT^^Tfe 
ZmtoXWA (GaCl) tV^#4(C7'> ; en7' 
(NH 3 ) #>l*JIb>S'W I s 5 -f HVPEftfeffl^ 
fco »fi5 1 Sr-'N-f h-O^BC-bf h Us zk 

^B^.T-fS^igJS 1 0 0 O'CtfSt So 6 5 0*C© 
taSE*»6»46tE5 1 £NH 3 fig^ia 

js* s $*bT7!)^e). hc 1 o c c/m&x-m& 

U NH 3 $fcg4 0 0 0 c 0 ^H©fiKA 

T> *l©3WS0yT?BWSbfcEll© (a) (e) © 
fKftxfi^igT, ^1©-7X^5 3*S«>^fe*^l© 
GaNI5 5£^fig-rs (05 (b) ) . ilOGaN 
K5 5&j&&!k NH 3 ^»HftT«iS*-T^aiU, 

[0 1 2 8] ^{C, GaNM5 5±tffVS i 0 2 M 
Srff^U ^2©figft«^5 6 t^2CD7^^ 5 7 
titTZ* ^n^tUDZl^J 7"ifi(±, 2 Am, 5 
^mX-fe t)> ^> 7-f7*^(qItt< 1 l-20>tbfc 
(0 5 (c) ) . £©S*£5 1±(C, SI>\ ^lCDUM 
mx-SiWlstzm 1 © (a) *>e. (e) ©^«x|MS:ig 
T, ^2©x-^^ 5 7£if&&<frs *<t^ 1 5 0/zm© 
m 2 ©G a Nil 5 8£]&ft£-e¥efbbfcg|®£f#;fe 
(05 (d) ) . 

[0 12 9] jsE*Lfe«2©GaNtt5 8©^R1SSff@ 

»is«-faauKTH^fce*» ^r B * s i o 5 cm. 2 w 

Tk«»T'J>3&:l^*.©Ti6-3fci ZZXlt, 2KP^©a 
[0 13 0] »5©iftifi»ITtts GaNlCxt^^ 



(MOCVD) £ja^T*H 

e>ft5. stAi 2 o 3 

tz±K Sigffi, ZnOSffi, S i Cife LiGaO 

2 Sf£, M g A 1 2 0 4 StR«ffeffl^-C*»m««tSft 
ft 5 „ $e>CAl 2 0 3 St65 1±l;GaN 

if, Sffi±£GaNjy{5 2Sfi£S-&-*\ ffijglg 1 ©v* 
^ 5 3 £fi£JILT&<tUo 
[ 0 1 3 1 ] Sfc 5 3 £ UTS i 0 2 Srffl^fc 
#.Iftt|51<bft£&©Ttt&<, SiN x 

^v^Jl//&ft{;:oUT^.;fc-!>-, InGaNI, Al 
GaNJSM, InNE G a PifeSlMJGa A si5x 

E5cH-f£I I I-V^b£W::^^©?£AOUT&|Httfl 

^m^ft^fts. 

[0 13 2] *^0^O&ltWJT-l±GaNS© I II- 

m e. ft z> t> © x it & < v m&.tfe?A%i$> % i, ^ u^kss 

tUTfe 5 c fcteio -5 ST &&v><, 

[0133] (UI 6 ©H5EW &&W<Dm 6 ©HffiWc 
OUT, HI 6 £#BSUTIftB£-f •£„ EI6«i*^HScD3if 

I - -5 ft ©4HB8H] f & 3 . 

[0 13 4)i6{:^tifi6 1{;lt lvUmOJJjyp© 
GaNI6 21fi&l&gtliz (0 0 0 1) molt? 7"< T 

ais6 i5fflut„ a<Dms.6 lmwics i o 2 k^&b 

icd-v^.^ 6 3«±> -en-ejx5^m, SsJ-.tJ^jum 

©* h7-f U£. ^ 7*^fq]tt, < 1 1 -2 

0>#fq]7*£> 1 OjKiWTJ&J&Ufc (0 6 (a) ) „ 
[0 13 5] JBlOJ5WlfiS*S6 4t:riifir5^1©Ga 

Ni6 5 ti\ ±gacD!ys0'ji trattc 1 1 immmzx 

V£A (Ga) fc^b** (HC1) ©KJES£fifc«lT-* 

-sffifb-tf'j^A (Gael) hvracyy^E^T 

(NH 3 ) ^tffl^5/\-f h'VPESSfflO 
fc. S*£6 1 K5-f HOjAJIttBti-kv h U, 7k 

3R£H$lT-fiR*|gj£ 1 0 OO'CCfiStS. 6 5 0*CO 
iSS*-e>^t5 5 1 S:NH 3 * - ^#iamtCf So J$j(igft 
**2f?£ UT A> £ , HCli£M£40cc /«»T«$S 
b, NH 3 iftg 1 0 0 0 c c/§fl\ itiLN'v^V 

( S i H 4 ) tftjgb . 0 1 c c /*5#T 1 5 0 #Ra© 
MST\ m©HfflS0iJT-BMBLfcBll® (a) A>e> 

(e) ©/&&:i:.fg£$2T, 3U©v;-<*6 3&«JftiM/ 



(12) f*BH¥10-312971 

£JBW2 0 0/imOglCGaNl6 5SffMt^ flg 
5 (b) ) . m l©GaNM6 5 NH 3 # 

aNI!6 5l;t, nST, 1 x 1 0 18 cm%±CD + tU 
Tfe&Xtbitzo 

[0 13 6] ftlC, GaN^i?|*U- tfJUigCDftKlc 
<£, *«-feJR<b-?StfBJ8-Sffi (MOVPE) *fl§v*Tf£ 
SSbfe. GaNI6 5^)fMt, MOCVDSlC-fey 
h U zk^^fflftT-fiEftigJg 1 0 5 0*C£#^g-f -5. 6 
5 0"C©iae*>6>NH 3 Si^ 
fiQUfc l//m©JS£©n^GaN/f 6 6, SiJ^JOb 
fcO. 4//m©ff£©nSA 1 o. 15° a 0.85 N '--" 5 ^ 
167, S i £ SAO U 0 . 1/zmOf cfffln^GaN 
#-tf-fKJ16 8, 2. 5 nmOf cf(D7> K— "7 I n 
0.2 Ga 0.8 N§ ^#^ ,Bi: 5 nm©J?£©7> H — 7*1 

n o.o.5 Ga o.95 N ^^®*^ : ^- 5) 1 o fflm<D&mm?-ft 

Pffiikfti&me 9. -7^^"i7A (Mg) bt 2 

0 nm©J?-*©p§U 1 0 2 Ga 0 8 NJI7 0, M.gSS 
iOUfcO. 1 //m©iS^©pS£GaN3fc-/3-i' Kg 7 1, 
MgWbtO. 4/zm©i?-?©pMAl 0 15 Ga 
0.85 N ^ ,J/ ^® 7 2 > MgSgSJlDbfcO. 5,izm©J? 
^OpSGaN3>^^H7 3*WJfcJBfiftUU— tf— 
flHS&fHKUfc, pl©GaN-3>^^hl7 3^M 
Ufcgli, HN 3 -tf**HftTfffi*T-JfS]U Jt&ft 
$SE«fc DSfc&tb-f (HI6 (c) ) „ 2. 5nm0f^(5 
7> n 0 _ 2 Ga 0-8 NI?#Fii:5 nmCOiP^ 

©7-> K — 7*1 n 0 .05 Ga 0.95 N|l *^ , S' !) '^' 5: ' s ^'*S 
-?#pfitiir§t4JI 6 9 7 8 0 'COigfiT-JfM Ufc. 

[0 13 7] U— tf-*SSJBj«Ufc-y-7 7"f 7 
Sffi6 1*5ffg^l:-fe'j'hU V-77"{ TmR6 Is G 
aNI62, S i 0 2 6 3, ib'iLFG a NJjg6 

5©5 0//m5JfSUTGaNM6 5^iltB^-B-5«, SfcB 
bfcGaN16 5StC(±, (Ti) (A 

1) <DnMn&7 4$:JfMU, pS©GaNi7 3±i: 
tt^y-irvt/ (Ni) (Au) OpSfilfii7 5£JfM 
t5 (06 (d) ) . 

[0 13 8] ia6t^-TU-1ffl?JaTtt, a®(CnS* 

fc& < *-FSMt § 4 feft«Sf^S?Xg* s JSfBSfbT ^ 
•5. 

[0 13 9] St, 1f7?^7i:GaNf^ilf*i:Hlg 

aaufci/— y*ji©sigs^ ^-tt^twt j: djbj^-t 

S^t* s BliTfe-pfco 

[0 14 0] CJiCWU *H«fi09T-tteil*BSZ)-^3fc 
UGaNJ16 5&iP<fiS^-rsc:i:7!) s T#5t6f)s f-7 
7 -f TSstR-pTZ. iy^PtttWik b-T t)GaN6 5 ±lzM 

J5E b fc g a n wf*® u - vm m t a & < , s 

fc G a N/I 6 5 ±© U — yfllifitt^ ^ M(C J: t> «f>S^i ^ 



(13) 



#^8^10-312971 



[0 14 1] *Hifi«T-0:, GaNJBG 5±tU— If— 
4SiiffJJ5gLT4»e>, * 7 7-f 5 1 „ GaNflH6 

2, S i0 2 v^^e 3 SfflS Lfctf, U— tf— ftjg& 
-ftK-r«B5tl-y-7 7'f 7lfi6 1 N GaNS6 2, Si 

o 2 -7^^ 6 zzmmLTbfflmttiihmftm ens. 

[0 14 2] St, *HM0HjT-J±, 1^7 7-f7iI6 
U GaN§6 2, S i 0 2 v;*^ 6 3 ©SJffig, 
I>'GaNi6 5©-g)5£5Jf® LT, nS©«ff SJBjeKU 

aNI6 6$fcli6 5STl»*UnS«ffii£»J5«U ft 
IBS 5 5--® fcj&jg-f -5 d J:T-ti6*©«ii&fp»-r5 d 

[0 14 3] 

[ftwoia*] w±ttwufe«t-5t:, *«iBt«t« 1 1 
t mm&i&cDm&mmt&m, a «t v jsrsk «t -=> t 

[0®©fSi|i&S£0.8] 

[^l] *^b^cd 1 1 1 - vmt'&y>*m#.<DBi&j3m 

[02] AlGaNIA«$nfeMgAl 2 q 4 £ 
*E±£;W K^-f KVPE?££fflOT, GaNI&M 

[03] 58lRfl«jtxt^ + S/*;udiSr4fi!iftia«OJB 
[0 4] 0 3©A)fctt, Z£jffc#U RV ! femX.<Dl$.&m 

fb-&«j*#»JW*^-r £ xfi©MBS0T- & s o 

[05] #*l8©ja£#ffi£2@fftBigi y T]BfiELfcG 
aNjm©^B&0T-$>5. 



[0 6] WKD^SifflutJfMbtGaNil 

[^F^ouiBj] 

1 1 ££ 

1 2 SJfifclBfi&Sftfc I I I - V^fb^tlfiltti 

13 ii i - v&fb^**tt£fi&ft£-a-3jGfcft»« 

14 Y^i' 

15 xt^^->t^fibtl I I-V&flj^WM* 

16 I I I - Vg={b£$J*jgfr© 77t'^ ffijg 

2 1 (0 0 0 1) B(Dt77-f7S*fi 
2 2 GaN, 
2 3 V^^7 

2 5 xt^^^tMlLfeGaN, 

31 (iii)®©MgAi 2 o 4 ms. 

32 l/imfflGaNI^ StttAlGaNI 

3 2 *«±KjBfiR;fcftfcrii*«8 
3 3 fi«±(:MbiSi0 2 M©"^* 
3 4 i^ + i/t;Wll/tGaNA777 

3 5 /W KVPEm-ilbfeGaN, 

4 3 TZ.? 

4 4 

51 (o o o i) mwyy-fTms. 

53 miOTX? 

54 mi (DBimm® 

5 5 % 1 ©G a Nil 
5 6 fg 2 CDAfttttt 

5 7 ^2©"=<'X^ 
58 S2fflGaN| 

6 5 nSiGaNJ^ 
6 6 nSGaNI 

6 7 nSAl 0il5 Ga 0 .j5N^7 7 hM 

6 8 n^GaNfttf-l' FJB 

6 9 i o mmn^mmTXprnmiZftim 

7 0 pSAl 02 Ga 08 NI 
7 1 pIG a Njfc^V KB 
7 2 P fAl 0>15 Ga 0i85 N^7yH 

73 pSGaN3^i?F 

74 Ti-AlOni 
7 5 Ni-Au0pS; 



•l 
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